


Renal and Hepatotoxic Effects of Polyethylene Terephthalate Microplastics in Chronically Exposed Albino Rats


ABSTRACT
Background: Plastics pollution has emerged as a serious environmental and health problem, with microplastics (plastic particles less than 5 mm in size) being a major concern due to their pervasive presence in the environment serving as a potential source of toxicity affecting organs of the body which may include the kidney and liver. 
Aim: This study was conducted to evaluate the effects of chronic exposure to microplastics from polyethylene terephthalate (PET), a commonly used plastics on renal parameters and hepatic enzymes in albino rats. 
Materials and Methods: Thirty-five albino rats weighing 150–170g were used for the study and randomly assigned into five groups (n=7) after 14 days of acclimatisation. Polyethylene terephthalate pellets were crushed to microplastics, dissolved in water and filtered before use. Group B, C, and D rats received 40mg/kg, 80mg/kg, and 120mg/kg PET-microplastics respectively, administered orally for 90-days. Group E rats were given water stored in PET-containers exposed to sunlight for 30 days, while Group A served as the control. After the treatment, blood samples were analysed for serum urea, creatinine, sodium, potassium, aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) using standard biochemical methods. Data were analyzed using GraphPad Prism 9.0.0, with significance at p≤0.05.  
Results: Polyethylene terephthalate microplastics caused a significant dose-dependent increase in creatinine, urea, potassium, AST, ALT and ALP levels compared to the control rats (p<0.05). However, the plasma levels of these parameters except creatinine do not differ significantly in rats treated with water stored in PET compared to the control rats. There was no significant difference in Sodium levels after exposure to PET microplastics (p>0.05). 
Conclusion: Chronic PET microplastic exposure induces nephrotoxic and hepatotoxic effects, highlighting the potential public health risks associated with microplastic exposure. 
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1. INTRODUCTION
With the expansion of plastic manufacturing over time, plastics have become widely accepted due to their affordability, convenience, and broad application in daily activities (Dokl et al., 2024). However, plastic pollution has emerged as a serious environmental concern, with microplastics (plastic particles less than 5 mm in size) being a major concern due to their pervasive presence in the environment as a result of human activity and industrialization (Liu et al., 2019). As of 2016, approximately 60% of the 322 million tons of plastics produced globally were used in food and beverage packaging (Alexis, 2022). Plastics can degrade into microplastics under certain environmental conditions such as photodegradation, abrasion with sand, interactions with animals, water exposure, and erosion by wave action (Andrady et al., 2022), thereby posing significant environmental and health risks.
Polyethylene terephthalate (PET) is one of the most widely used plastics in Nigeria and is commonly found in consumer products such as bottles and various packaging materials (PwC, 2020). Research has shown that when used in food packaging and personal care products, microplastics can leach into food and water, becoming a source of potential toxicity to vital organs including the kidneys and liver (Adeniran et al., 2022; Lee et al., 2025). Due to the harmful effects of microplastics, various international bodies have banned certain plastic additives, especially phthalates in household items such as toys and childcare products, particularly at concentrations above 0.1% (The Danish EPA, 2013; The REACH Regulation, 2019).
Although there is increasing global awareness about the rising use of plastics and the toxicological concerns associated with microplastics (Rahman et al., 2021), the long-term health effects of PET microplastics, particularly in terms of organ toxicity such as kidney and liver damage, remain poorly studied in Nigeria and similar settings, hence need for this study.
The kidneys are important organs of the body responsible for functions such as filtration, reabsorption, secretion, excretion, maintenance of homeostasis, regulation of acid-base balance, electrolyte levels, fluid volume, and blood pressure (Sembulingam & Sembulingam, 2012; Waugh and Grant, 2010). Evidence suggests that exposure to microplastics can lead to oxidative stress, inflammation, and damage to cellular integrity, which may impair kidney function (La Porta et al., 2023).
Similarly, the liver plays a central role in human physiology, being responsible for metabolism, detoxification, synthesis of essential biomolecules, immune defense, nutrient storage, and regeneration (Waugh and Grant, 2010; Tian et al., 2013; Mahadevan, 2014). Studies have also shown that ingested microplastics can cross the gut barrier into the bloodstream and accumulate in organs such as the liver (Auguet et al., 2022). PET microplastics may also carry toxic additives and contaminants, enhancing their toxicity. Chronic exposure could impair the liver’s detoxification capacity and metabolic functions, potentially increasing the risk of liver dysfunction or disease (Giri et al., 2024).
Recent studies have further confirmed that microplastics and nanoplastics can accumulate in organs like the kidney and heart, inducing oxidative stress, inflammation, and cellular dysfunction (Lee et al., 2025; La Porta et al., 2023). Goodman et al. (2022) reported that polystyrene microplastics (PS-MPs) caused morphological changes, reduced cell proliferation, and increased oxidative stress in human kidney (HEK 293) and liver (Hep G2) cells. Meng et al. (2022) also found that polystyrene micro- and nanoplastics bioaccumulate in mouse kidneys, resulting in oxidative stress, inflammation, tissue damage, weight loss, and increased mortality. Additionally, Chiang et al. (2024) highlighted that MPs/NPs could enter the body via the liver, where they cause oxidative stress, disrupt energy metabolism, induce autophagy and cell death, and trigger immune and inflammatory responses. These effects are linked to liver diseases such as fatty liver, fibrosis, and cirrhosis.
Despite the growing evidence of microplastics’ toxic effects on the kidney and liver, data on the health impacts of PET in Nigeria and this region where PET use is widespread remain limited. Therefore, this study was conducted to evaluate the effects of chronic exposure to PET microplastics on renal parameters and hepatic enzymes in albino rats. Findings from this study will be critical for understanding the potential health risks associated with chronic PET microplastic exposure, guiding public health policies, promoting regulatory actions on plastic use, and contributing to the growing body of scientific evidence on microplastic-induced organ toxicity.
2. MATERIALS AND METHODS

[bookmark: _Hlk199358283]2.1	Materials
[bookmark: _Hlk198370466]Male and female albino rats used in this study were obtained from University of Port Harcourt Teaching Hospital and transported in well-ventilated wired cage to the Animal House at the Department of Animal and Environmental Biology, Rivers State University, Port Harcourt. Polyethylene terephthalate (PET, PETE), (C10H8O4) n, (CAS Number 25038-59-9), pellets used in this study were obtained from Indorama Petrochemicals LTD, East – West Road, Rivers State. Spectrum reagents were used for the estimation of all parameters. Other equipment used include: semi-automated chemistry analyser (Model: MAP LAB plus, Cod. RM2060), NewLife Bucket centrifuge (Model: 800D), digital weighing balance. All chemicals and reagents used were commercially sourced from a certified distributed and they were of good quality and analytical grade. 

2.2	Experimental Animals
Forty-seven (47) male and female albino rats weighing approximately 150g – 170g were used for the study. The rats were acclimatized for 14 days prior to the initiation of the research and were permitted access to standard laboratory feed and uncontaminated drinking water ad libitum. The rats were placed in well-ventilated cage in a temperature-maintained (28 ± 2 °C) and humidity-regulated (47 ± 2%) location, with a typical 12:12 light-dark photocycle. The animal experiments and handling were in consonance with the National Research Council's Guide for the Care and Use of Laboratory Animals Health (National Research Council, 2011) and the ARRIVE (Animal Research: Reporting of In Vivo Experiments) guidelines (Percie du Sert, 2020).

2.3	Preparation of Polyethylene terephthalate (PET)
Polyethylene terephthalate pellets were crushed thoroughly using a mechanical grinder to obtain tiny particles (microplastics). Then, the particles from the crushed PET were weighed using a digital weighing balance (Model: TS500), mixed with water, and allowed to stay for 24 hours, after which they were filtered using a micropore sieve before use.

2.4	Dose Determination and Pilot Study
Pilot study was carried out to determine the LD50 of polyethylene terephthalate (PET) microplastic administered orally after allowing 14 days of acclimatization using the Lorke’s method of pilot toxicity testing as described by Chinedu et al., (2013). A total of 12 rats weighing approximately 150g – 170g were used for the pilot study. The rats were classified into 6 groups labelled 1, 2, 3, 4, 5, and 6, with groups 1 – 3 consisting of 3 rats each and groups 4 – 6 having 1 rat each and were treated with 20mg/kg, 50mg/kg, 80mg/kg, 100mg/kg, 115mg/kg and 130mg/kg PET microplastic respectively. After 24 hours, the rats were observed for signs of PET toxicity such as change in feeding behaviour, micturition, restlessness, pupil constriction, and convulsion. The LD50 of the PET administered orally was obtained using Lorke’s formula: 
LD50 = √ (D0 × D100)
		Where: 
D0 = Highest dose that gave no mortality
D100 = Lowest dose that produced mortality

The highest dose   that caused no death (D0) of PET microplastics administered orally was 115 mg/kg; the minimum dose that caused death (D100) was 130 mg/kg.

Therefore:  [image: ] =      = 
	  = 122.27mg/kg
Thus, the mean lethal dose (LD50) = 122.27mg/kg 

[bookmark: _Hlk199358443]2.5	Experimental Design
[bookmark: _Hlk168488723]After allowing fourteen (14) days for adaptation to the new environment (acclimatization), the rats for the study were randomly assigned into five (5) groups labelled group A to E with seven (7) rats in each group. Group A was termed negative control and received food and water only, group B, C and D received 40 mg/kg, 80 mg/kg and 120 mg/kg PET microplastics respectively alongside food and water, while group E received food and water exposed to sunlight between 10am to 4pm daily for 30 days in PET 1 containers. The PET microplastic treatment was done daily, administered orally using gavage tube for 90 days. 


2.6	Blood Sample Collection and Preparation
At the end of the 90 days treatment for the respective groups, the animals in all groups were anaesthetized using chloroform after which a cardiac puncture was performed. Then, 5ml of blood samples were collected aseptically into lithium heparin sample bottles. The samples were spun using a centrifuge (NewLife bucket centrifuge, Model: 800D) at 4000rpm for 5minutes. The plasma was collected into another plain bottle and properly labelled for analysis of urea, creatinine, sodium, chloride, AST, ALT and ALP. 

2.7	Estimation of Liver Enzymes 
[bookmark: _Hlk202903825]Colorimetric method of Reitman and Frankel (Reitman and Frankel, 1957) was used for the estimation of AST and ALT present in the samples following the procedures as described by Spectrum Diagnostics (2021a; 2022 b). Also, colorimetric method according to the procedure as described by Spectrum Diagnostics (2021c) was used for the estimation of plasma ALP present in the samples.  Analysis was performed using semi-automated chemistry analyser (Model: MAP LAB plus, Cod. RM2060).
2.8	Estimation of Renal Parameters 
[bookmark: _Hlk202906275]Modified Urease-Berthlot’s method (Patton and Crouch, 1977) was used for the estimation of urea concentration present in the samples according to the procedures as described by Spectrum Diagnostics (2021d). Buffered Kinetic Jaffé’s reaction (Jaffé, 1886) without deproteinization was used for the estimation of creatinine present in the sample according to the procedures as described by Spectrum Diagnostics (2021e). Colorimetric and Turbidimetric Tetraphenylborate (TPB) (Hillmann and Beyer, 1967) methods were used for the estimation of sodium and potassium concentrations present in samples respectively according to the procedures as described by Spectrum Diagnostics (2021f; 2021g).
2.9	Statistical Analysis
[bookmark: _Hlk203046844]Data obtained from evaluation of parameters was presented as mean ± SD. Analysis was computed using GraphPad Prism Software Version 9.0.0 (121), San Diego, CA. Statistical comparison between groups was done using one-way ANOVA while Tukey’s multiple comparison (post hoc tests) was used to obtain specific significant differences among the various groups. Differences were considered significant at P˂0.05.

3. RESULTS

3.1	Effects of PET microplastics on Renal Parameters
[bookmark: _Hlk185078542][bookmark: _Hlk184388045][bookmark: _Hlk184415876]As presented on table 1, there was a significant increase in Plasma levels of creatinine (p<0.001), Urea (p<0.0001) and Potassium (p<0.0001) in albino rats after exposure to PET microplastics compared to the control rats. However, the plasma levels of urea and potassium do not differ significantly in rats treated with bottled water exposed to sunlight in PET containers compared to the control rats. There was no significant difference in Sodium levels after exposure to PET microplastics at p=0.3558.
Table 1: Effects of PET microplastics on Renal Parameters
	Groups
	Sodium
(mmol/L)
	Potassium
(mmol/L)
	Urea
(mmol/L)
	Creatinine
(µmol/L)

	A
	140.0±2.71

	5.23 ± 0.15a
	5.98 ± 0.25a
	56.33 ± 2.52a

	B
	141.5±1.29
	5.75 ± 0.21a
	6.55 ± 0.24b
	68.00 ± 2.65b

	C
	142.0±1.23
	6.93 ± 0.25b
	6.83 ± 0.17b
	70.00 ± 2.83b

	D
	142.5±0.58
	7.22 ± 0.38b
	6.92 ± 0.24b
	75.00 ± 2.91b

	E
	140.8±2.49
	5.36 ± 0.32a
	5.98 ± 0.19a
	67.40 ± 4.39b

	p – value
	0.3558
	<0.0001
	<0.0001
	<0.0001

	F – value
	1.177
	47.58
	19.23
	15.52

	Inference
	NS
	S
	S
	S


NB. Post Hoc Analysis (Tukey’s Test): Values with different superscripts within a column indicate significant differences between groups when compared. Values with the same superscript on each column do not differ significantly from each other.
3.2 Effects of PET microplastics on liver enzymes 
As presented on table 2, there was significant increase in plasma levels of AST (P=0.0002), ALT (P=0.0008) and ALP (P=0.0002) in albino rats after exposure to PET microplastics compared to the control rats. However, the levels of these parameters do not differ significantly in rats treated with bottled water exposed to sunlight compared to the control rats.
Table 2: Effect of PET Microplastics on Liver Enzymes
	Groups
	AST (U/L)
	ALT (U/L)
	ALP (U/L)

	A
	42.00 ± 2.58a

	31.25 ± 2.06a
	41.25 ± 1.50a

	B
	43.75 ± 0.96ab
	33.75 ± 0.96a
	43.00 ± 1.41a

	C
	46.75 ± 1.71b
	35.25 ± 1.26b
	45.50 ± 2.38ab

	D
	49.60 ± 2.19bc
	36.80 ± 1.30b
	48.80 ± 2.59b

	E
	44.20 ± 1.79ab
	33.00 ± 2.00a
	41.40 ± 2.51a

	p-value
	0.0002
	0.0008
	0.0002

	F-value
	10.70
	7.98
	9.985

	Inference
	S
	S
	S


NB. Post Hoc Analysis (Tukey’s Test): Values with different superscripts within a column indicate significant differences between groups when compared. Values with the same superscript on each column do not differ significantly from each other.
AST- Aspartate aminotransferase, ALT – Alanine aminotransferase, ALP – Alkaline Phosphatase, S – Significant, NS – Not significant
4. DISCUSSION
A significant dose-dependent increase in plasma levels of creatinine, urea, and potassium was observed in rats exposed to PET microplastics compared to control rats. However, sodium levels did not show a significant change (Table 1). These findings indicate that increasing doses of PET microplastics may induce progressive renal dysfunction, particularly by impairing glomerular filtration and tubular reabsorption processes, as evidenced by elevated creatinine, urea and potassium concentrations.
Creatinine is a metabolic waste product of creatine phosphate in muscle and is freely filtered by the glomeruli (Washington and Van Hoosier, 2012). Its plasma concentration is a well-established indicator of renal function (Ebert et al., 2021) and an increase in serum creatinine typically reflects a decline in glomerular filtration rate (GFR), suggesting glomerular damage or reduced renal clearance efficiency (Waugh and Grant, 2010). Urea, a byproduct of amino acid catabolism, is also excreted by the kidneys. Elevated urea levels often indicate impaired renal excretory capacity or increased protein catabolism (Weiner et al., 2015; Maged & Taha, 2016). In this study, both parameters were significantly increased with respect to increasing doses, confirming progressive renal dysfunction following PET microplastic exposure. Interestingly, groups E rats treated with water stored in PET containers exposed to sunlight showed a significant increase in creatinine levels, though to a lesser extent than direct PET microplastic administration compared to the control group. This suggests that exposure to degraded PET, possibly due to photodegradation from sunlight may enhance leaching of toxic additives such as phthalates, which are known to exert nephrotoxic effects (Yadav et al., 2024), however, the extent of renal damage was not as pronounced as those from direct administration, further supporting a dose-response relationship, were higher concentrations or more direct exposure result in more severe toxicity.
Potassium levels were also significantly elevated in PET-exposed groups. This may result from renal tubular damage leading to impaired potassium excretion, or from cellular injury that causes the release of intracellular potassium into the bloodstream. Since potassium is primarily an intracellular ion, increased plasma levels often indicate cellular membrane damage, necrosis, or compromised renal potassium handling (Zacchia et al., 2016). This hyperkalemia may pose cardiovascular risks and further complicate renal function due to its arrhythmogenic potential (Hunter and Bailey, 2019).
The lack of significant change in plasma sodium levels contrasts with the changes seen in other renal biomarkers. This may be attributed to the kidney’s regulatory mechanisms that maintain sodium homeostasis until advanced renal injury occurs. The findings of this study are in alignment with those of La Porta et al. (2023), who reported microplastics to have an effect on the kidney. However, the results partially diverge from Yahaya et al. (2024), who observed elevated levels of sodium in their study, however, other kidney parameters were elevated, which is in alignment with the results observed in this study. The slight discrepancy in sodium results may be due to differences in the type of microplastics used, Yahaya et al. administered a mixture of Polyethylene and Polypropylene, while this study focused solely on PET. Each polymer type contains different additives and degradation profiles, which may account for the variation in sodium response. Other studies also support the nephrotoxic impact of microplastics. La Porta et al. (2023) also documented the deposition of microplastic particles in kidney tissues, supporting the hypothesis of bioaccumulation as a mechanism of renal toxicity. Similarly, Kamel et al. (2024) reported that PET microplastics significantly increased blood urea nitrogen (BUN) and creatinine, reinforcing the nephrotoxic potential observed in the current study.
As shown in Table 2, a significantly dose-dependent increase in plasma levels of AST, ALT, and ALP were observed in rats exposed to PET microplastics compared to the control group (p<0.05). These enzymes are widely recognized as sensitive biomarkers of hepatocellular injury and hepatotoxicity (Ozer et al., 2008). Conversely, no significant changes were observed in rats treated with bottled water stored in PET containers and exposed to sunlight, suggesting that the direct administration of PET microplastics exerts a more potent toxic effect than environmental leachates under these conditions.
ALT (alanine aminotransferase) and AST (aspartate aminotransferase) are intracellular enzymes primarily found in hepatocytes, where they play key roles in amino acid metabolism (McGill, 2016). When the integrity of hepatocytes is compromised due to chemical or oxidative insults, these enzymes are released into the bloodstream, resulting in elevated serum levels (Deng et al., 2017). ALP (alkaline phosphatase), another liver-associated enzyme, is primarily associated with the biliary tract; increased ALP may indicate cholestasis or damage to bile ducts, though it can also rise with hepatocellular injury (Pollock and Minuk, 2017). The elevated liver enzymes observed in this study suggest hepatocellular damage caused by PET microplastic exposure as well as its ability to impair biliary function or induce cholestatic effects at higher doses. This may be attributed to oxidative stress, inflammation, and mitochondrial dysfunction mechanisms as microplastics have been known to have the potential of inducing the overproduction of reactive oxygen species (ROS), leading to lipid peroxidation, protein denaturation, and DNA damage (Gambini and Stromsnes, 2022; Das, 2023). These ROS disrupt normal hepatocellular function and initiate cell death pathways, compromising cell viability, culminating in liver dysfunction and enzyme leakage (Das, 2023). Also, microplastics may activate inflammatory cytokines such as TNF-α and IL-1β, increasing liver damage as well as disrupting mitochondrial integrity, reduce ATP production, and increase apoptotic signaling in hepatocytes (Hirt & Body-Malapel, 2020).  
These findings are consistent with those of Deng et al. (2017), who reported increased AST and ALT levels following microplastic exposure, indicating hepatic injury. Similarly, Yahaya et al. (2024) observed significant increases in AST, ALT, and ALP in microplastic-exposed rats, supporting the present results. Their study also proposed that microplastics not only induce hepatocellular damage but may also impair lipid metabolism and cause systemic oxidative stress.
5. CONCLUSION
This study demonstrates that chronic exposure to polyethylene terephthalate (PET) microplastics induces significant and dose-dependent alterations in both renal and hepatic biomarkers, indicating progressive organ toxicity. Elevated plasma levels of creatinine, urea, and potassium observed in exposed rats suggest impaired glomerular filtration and tubular reabsorption, pointing to kidney dysfunction. The findings also highlight hyperkalemia as a potential consequence of renal damage or cellular injury, while the unaltered sodium levels may reflect early-stage or compensatory renal mechanisms. Also, significant increases in liver enzymes (AST, ALT, and ALP) highlights the hepatotoxic potential of PET microplastics, likely mediated by oxidative stress, mitochondrial dysfunction, and inflammation. Comparatively, indirect exposure via PET bottle leachates resulted in milder effects, reinforcing the role of exposure route and concentration in toxicity severity. These results emphasize the nephrotoxic and hepatotoxic implications of PET microplastics, raising public health concerns over environmental and dietary exposure as well as potential health risks associated with microplastics exposure.
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